ABSTRACT Species of sap beetles present at a central Illinois cornfield-oak woodland habitat were determined by spring to fall collections from can traps baited with fermenting wheat dough and banana. Carpophilus lugubris Murray was the dominant species. Glischrochilus quadrisignatus (Say) and Stelidota geminata (Say) were also collected frequently. Other species collected commonly were C. antiquus Melsheimer, C. freemani Dobson, and Colopterus truncatus Randall, which were generally encountered only in the early spring and late fall. Peak collections of C. lugubris were in late April, early June, and throughout the fall. A similar trend was noted for G. quadrisignatus, but S. geminata only had late spring and fall peaks. The peaks occurred at fairly consistent intervals over all 3 yr for G. quadrisignatus and S. geminata, but the spring first generation peak for C. lugubris was retarded by 3-4 wk during 1988. This change in population distribution might have resulted from the long dry period that occurred during this time.
of the U.S. corn crop became a potential hazard because the severe heat and drought of 1988 promoted contamination with the highly toxic and carcinogenic aflatoxins (Hurburgh 1991) . Because sap beetles had been implicated as vectors of mycotoxin-producing fungi, it was important to reassess their populations to determine the presence of vector species that should be targeted for control. We undertook a spring-to-fall monitoring program in 1988, 1989, and 1990 and used natural baits commonly mentioned in the literature to determine the species present, seasonal abundance, and relationship to potential numbers of generations in a representative cornfield-oak woodland habitat. Yearly variation in population dynamics was compared with temperature and rainfall patterns to determine any potential influence.
Materials and Methods
Field Site. Monitoring was conducted around the perimeter of the University of Illinois, Illinois River Valley Sand Field Experiment Station, located near Kilbourne, IL. This area is surrounded on three sides by oak woodland and has been planted in a com-soybean rotation for the past several years.
Traps. Tin cans (14 em high and 10 em diameter) of =1 liter were used as traps. Two holes were punched in the side to secure the can to a 60-cm stake. The first hole was punched 1 cm from the top rim of the can and the second hole was 7.5 cm below the first. The cans were secured to the stakes with 14-gauge steel wire so that the top of the can was flush with the top of the stake. The stakes were driven in the ground ""'30 cm deep. The bottom of the can was perforated with small (""'0.25 mm) holes to allow for water drainage. The can was covered with a piece of 1.25-cm-thick plywood that was lO-cm square. Two strips of wood ""'2.0 cm wide in cross section and 8 cm long were attached to the cover parallel to each other and 5 cm apart to raise the lid slightly above the can and allow insects, but not small rodents, to enter. A piece of 0.8-cm-mesh, hardware cloth (8 by 8 cm) was also fastened to the strips to prevent small rodents from entering the traps. The top of the lid was covered by a sheet of aluminum to prevent rodents from gnawing away the plywood, after this was found to be a problem early in the study. During the first season, the cover was fastened to the can by running 20-gauge copper wire through two holes in the lid and two in the bottom of the can, and twisting the ends together above the can. However, the cover could still be removed occasionally by unknown wildlife, and the baits could be stolen. In subsequent years, a threaded rod (0.8 cm wide by 17.5 cm long) was used, which was bolted to the bottom and secured through the cover with a wing nut. This final design proved durable and resistant to invasion or disruption by indigenous vertebrates, yet still allowed the insects of interest to have ready access.
Insect Trapping. Traps were placed at cornfield-oak woodland interfaces to intercept sap beetles that may be occurring in either habitat (Connell 1956) , in areas that were shaded during most of the day. Traps were baited with a 35-ml cup holding a piece of banana (""'3 cm wide by 3 cm long) sprinkled with lyophilized baker's yeast and a 35-ml cup about two-thirds full of fermenting yeast wheat dough . These baits are generally attractive to many species of sap beetles (e.g., Daugherty & Brett 1966 . Baits were carried out into the field in these cups, covered with lids perforated with small (0.25 cm) holes. At each trap, the lid was removed, the old bait cups containing insects were capped quickly to retain sap beetles, and old baits were replaced with new baits. No effort was made to remove any insects remaining in the cans, which were typically small in number compared \vith those in tlle cups. In total, 14 traps were used, with 7 along opposite sides of the acreage where the corn field-oak woodland interfaces were closest together. Traps were examined typically at 7-day intervals, although Single-day variation occurred in some instances. Traps were set from March or April to October or November, depending on the prevailing weather conditions. Trapping began when the daytime high temperature exceeded 16°C after 1 March and ended when a daytime high temperature of 16°C was not reached for two consecutive weeks. The sap beetle species were sorted, identified, and counted in the laboratory. In cases where traps were destroyed or baits were stolen, weekly collection numbers were adjusted for the missing trap.
Statistical Analyses. The cumulative percentage of the total number of insects trapped for each species in each year was calculated for each week. A form of a logistic curve (De Lean et al. 1978) was fit by an iterative procedure to each cumulative curve. The y response was the cumulative percentage at date x, where date x is the Julian day of the year. This equation was chosen because of the interpretive value of each of the coefficients in the curve. The curve is sigmoidal in shape and symmetric about a central point of inflection. The a coefficient is the lower plateau of the curve and a + b is the upper plateau. The midpoint (inflection point) is reached when x = (approximately) c (therefore,
, which is also the point of maximum slope. The slope is inversely proportional to d and is calculated as -bd/4c. The curve was fit in stages for each year for each insect species. The data were fit to the first 5 d and to each succeeding date as long as the R 2 value increased or stayed >0.98 with each iteration. When the R 2 dropped with the addition of a date then that date was dropped from the analysis and a stage was considered to have occurred. After determining parameters for that stage, a new iteration was started using tlle last data point from the preceeding stage, plus the next four dates. The procedure was not perfect and some human intervention was used where needed. We have no illusions that this procedure is a perfect description of insect population growth in this experiment, but we believe that the curves are useful for making general statements about year-to-year and seasonal differences in the growth patterns observed here. Differences in parameters were determined by t-test analysis, both for fitted curve parameters and rainfall rates.
Results
The most commonly collected sap beetle was C. lugubris. This species was also encountered for the largest number of weeks each year. Other common species were Glischrochilus quadrisignatus (Say) and Stelidota geminata (Say During 1988 through July, C. antiquus, C.freemani, and C. t'lmeattls were not distinguished as separate species, C. antiquus was distinguished as a separate species after this time; values reported before July are believed to be mostly C. antiqutls, values reported as C. truneatus after July may also include some C.freemani. During 1989 through 12 September, C. freemani and C. truneatus were not distinguished as separate species. Values reported are believed to be mostly C. truneatus. When large numbers of total insect species were obtained, species were usually counted to the nearest five. economic importance were captured only sporadically and so are not reported herein.
Numbers of the three most common species, C. lugubris, G. quadrisignatus, and S. geminata captured over the seasons were examined in more detail (Figs. 1-6). Numbers of sap beetles <>, 1990. 110-120), early , and September (days 260-280). Peak captures of G. quad,isignatus followed a pattern similar to C. lugubris (Figs. 3 and 4) , whereas S. geminatã pically showed only two peaks, plateaus, one ill early to late spring (days 140-160) and one in mid summer (days 240-260) (Figs. 5 and 6).
For C. lugubris, the population dynamics were best described by three curves in 1988 and two curves in 1989 and 1990. In 1988, the first maximum rate ofcollection occurred on day 156 (Junẽ ) and the plateau occurred at 6% of the population ( Table 2 ). The first growth curves for 1989 and 1990 were somewhat similar. The maximum rate of collection (inflection point of curve) occurred on day 157 (June 6) in 1989 and on day 168 (June 17) in 1990. Plateaus occurred at 34% of the population in 1989 and 63% in 1990. The second growth curve for 1988 corresponded most closely to the first curves of 1989 and 1990 with maximum collection rate occurring on da~192 (July 10) and a plateau occurring at 47% of the population. This inflection point was significantly different from that of the other 2 yr (t = 61.83, P < 0.001). In 1988 and 1990, the~axi mum collection rate of the latest growth curves occurred on days 264 (September 20) and 271 (September 28), respectively. Populations were to 1990. 0, 1988. 0, 1989. <>, 1990. still increasing at the date of the last collection in 1989, so it was not possible to determine a plateau.
For G. quadrisignatus, numbers and parameters of growth curves were consistent from year to year (Table 2 ). In 1988, the first maximum rate of collec~ion occurred on day 126 (May 6), whereas ill 1989 and 1990, the maximum occurred on day 112 (April 22). Plateaus occurred at population levels of 14-15% each year. The second maximum collection rate occurred in the range of days 178-189 (June 26-July 8) and reached plateaus at population levels of 39-48%; differences were not significant (P < 0.01). The final maximum collection rate occurred on days 254-267 (September 11-23) at 100% of the population.
For S. geminata, two curves best described population fluctuations in 1988 and 1989 (Table  2 ). The first maximum collection rate occurred on day 153 (June 1) and 156 (June 5) at population percentages of 44 and 24% in 1988 and 1989 respectively (which were significantly different [P < 0.00000]). For all 3 yr, the final maximum collection rate occurred during a 2-wk period, from day 240 (August 28) in 1990 to day 256 (September 13) in 1989. 
Values of like-insect species and steps in columns followed by the same letter are not significantly different (I-test, P < 0.01). Only relevant parameters were analyzed.
The most consistent deviations of populations occurred in 1988. The midrange maximum collection rate for C. lugubris occurred =4 wk later, and that for G. quadrisignatus occurred =2 wk later than in the other 2 yr. The population of S. geminata was at a much higher percentage in 1988 at the first equivalent plateau than at the other 2 yr, suggesting inhibition of subsequent population growth in 1988. Temperature and rainfall data were examined during this period in an attempt to explain the year-to-year variation in this period. Cumulative minimum and maximum temperatures were similar during this period (Figs. 7 and 8 ), but temperatures greater than 30°C were much more common during 1988, especially after day 210 (Fig. 9 ). This could explain the inhibition of population growth of S. geminata, but not the delays seen with C. lugubris and G. quadrisignatus, which occurred =30 d earlier. However, the rates of population growth in 1988, as indicated by slopes at the inflection points (Table 2 ), were generally greater that for the other years, especially at step 2. Rainfall appeared similar in 1988 and 1989, compared with 1990 ( Fig. 10) . However, a closer examination of rainfall from April to June indicated extremely low rates in 1988, compared with the other 2 yr (Fig. 11) . Analysis of slopes of accumulation of rainfall with t-tests indicated significant differences for each year ( 
Discussion
Species Encountered. With the exception ofC. antiquus, all major species collected during this study had been collected previously from baits. C. antiqlws has been reported in the midwest from surveys in Iowa, Missouri, and Minnesota (Luckman & Hibbs 1959) and from Delaware (Connell 1956 ). Although other species of CarpophilllS are attracted to traps baited with banana (see following discussion), C. antiqlllls apparently is not, because it was found in corn in North Carolina (Daugherty & Brett 1966) and in Delaware (Connell 1956 ), but not captured with traps baited with banana in these regions. Our survey indicated that this sap beetle may be detected most effectively with bait traps very early or late in the season. During midseason (July or August) competing natural host materials will reduce overall captures (see below). Fermenting bread dough may be a better bait compared with fermenting banana because we were able to capture these sap beetles in traps baited with both. Use of pheromone of this insect can significantly enhance captures, although C. antiqllus also re- sponds kairomonally to the pheromone of C. 1u-gubris (Bartelt et al. 1993) . Similarly, C. freemani has been infrequently collected from baits (Daugherty & Brett 1966) , although they have been reported to occur in corn in the midwest (Luckman & Hibbs 1959) , Delaware (Connell 1956 (Connell , 1959 , and South Carolina (Daugherty & Brett 1966) . Again, these sap beetles were most commonly encountered early or late in the season with our trapping measures. This suggests the occurrence of C. freemani can be determined effectively if proper baits are placed at these times. Use of pheromone in combination with baits may tremendously increase the numbers of C. freemani collected, as was found in other studies at this site during 1990 .
In contrast, C. hemipterus was rarely encountered in our traps, with only a few individuals detected each year. This sap beetle is reportedly attracted to a variety of baits, including figs (Warner 1961) , banana (Daugherty & Brett 1966) , and sugar or molasses (Frost & Dietrich 1929) . It was reported widely in the midwest (Minnesota and Iowa) before 1960 (Luckmann & Hibbs 1959) . The limited numbers seen in our study may be a result of relatively colder temperatures in our area compared with those where it is common. This sap beetle is commonly considered to be tropical to subtropical in distribution (Hinton 1945) . We assume that C. hemipterus is now uncommon in the area we sampled. The minimum temperature line through this area was recently changed from -10-0°F (-2~-18°C) which held for 25 yr, to -20 to -10°F (-29--23°C) (Anonymous 1990 ). We assume that our sample site and more northerly areas might now be too cold for this insect to overwinter effectively in most years, thus limiting its occurrence.
The most commonly collected sap beetle was C. lugubris. This insect has also been collected from baits such as freshly damaged oak sapwood (Jewell 1956 ), various unspecified fermenting materials (Sanford 1963) , rotting melon (Connell 1956 ), and banana pulp (Daugherty & Brett 1966) . In Illinois, C. lugubris have been detected as early as April (Sanford 1963 , Sanford & Luckmann 1963 , which is the same time we detected this sap beetle.
Different species of Colopterus have been collected from fermenting sugar and molasses (Frost & Dietrich 1929) , oak and maple block soaked with vinegar (Dorsey & Leach 1956) , and banana pulp (Daugherty & Brett 1966) . In Texas, C. truncatus, C. maculatus, and other sap beetles were most commonly collected from February through April (no species breakdown was given) (Appel et al. 1986 ). In contrast, the largest numbers of C. truncatus we collected were in September and October. The differences in seasonal occurrence may be due to different habitats involved.
Glischrochilus spp. (primarily G. fasciatus and G. quadrisignatus) have been collected from traps baited with fermenting sugar and molasses (Frost & Dietrich 1929) , oak and maple blocks soaked in vinegar (Dorsey & Leach 1956 ), immature sweet corn (Pree 1969) , and banana pulp (Daugherty & Brett 1966 , Foott & Hybsky 1976 . They were detected in Iowa as early as the last 10 d of April in heavy leaf mold (McCoy & Brindley 1961) , which is similar to the time we first detected them.
As with the other nitidulids, S. geminata has been collected from fermenting materials such as sugar or molasses (Frost & Dietrich 1929) , and fermenting grape juice or molasses (Gertz 1968a, b) . Although we found no prior reports of how early it could be detected in the midwest, in our study it first occurred about the same time as for the other sap beetles, namely in April or May.
There do appear to be differences in how soon the different species become active. The small species of Carpophilus (jreemani and antiquus) and G. quadrisignatus appear to become active a few weeks earlier than C. lugubris and S. geminata. As indicated previously, traps must be set out early in the year in order to detect C. antiquus and C. freemani for precrop assessments.
Generations per Year. There are few reports on the number of generations per year of the collected species under field conditions. In past studies, the number of generations of G. quadrisignatus produced in the midwest has been disputed. McCoy & Brindley (1961) reported that in Iowa one generation appeared to emerge in July, and a second probably emerged in September. They based their conclusions on calculations of degree-days and developmental rates of insects reared in the laboratory. Luckmann (1963) suggested there was only one generation of G. quadrisignatus per year in Illinois, which emerged in July. Additionally, he believed that this was the only generation produced in a year, because larvae were not found in collected material after July (indicating the new generation was not reproducing). Foott & Timmons (1979) also found that adults collected at this time or later in Ontario do not oviposit until several months after collection. Our results suggest there are two generations per year because there was a consistent increase in percentage of population values at plateaus as time went on. It is possible that G. quadrisignatus is now reproducing in corn in Illinois, as was previously reported for Iowa (McCoy & Brindley 1961) .
Based on determination of temperature thresholds, developmental rates, and calculated degreedays in the field, Sanford (1963) calculated that more northerly populations of C. lugubris in Illinois probably had three generations per year, and further south perhaps a partial fourth. Although overlapping generations may potentially confuse the issue, our results suggest that only two generations are produced each year. The peaks seen in April and May (which were clearest in 1988) would indicate emergence of the overwintering generation, the peak in June and July would be the emergence of the first generation, and the peak in August and September would indicate the emergence of the second generation (which is produced primarily in corn). Similar to the results reported by Luckmann (1963) for G. quadrisignatus, we found that the majority of the C. lllgubris collected in August and September would not readily oviposit compared with those collected during the two earlier peaks. Although we have not done extensive sampling, larvae have rarely been found in corn or corn debris in the fall. A generally cooler climate that occurred in the past, as was described in the discussion of C. hemipterus overwintering, may also contribute to the reduction in numbers of generations of C. lllgubris seen now as compared with the past.
No reports for the numbers of generations of the other insects collected in our study exist. However, the seasonal collection of larvae in field situations of S. geminata made by Gertz (1968a) suggest that it has only one generation per year. Our results also generally support a one-generation-per-year cycle in Illinois for S. geminata.
Population Fluctuations Based on Crop Phenology. Part of the reason for the decrease in the numbers of sap beetles collected when there should be plenty present (July or August), may result from the presence of more attractive and desirable food sources at this time (corn for Carpophilus and Glischrochilus and strawberries and raspberries for S. geminata). This appears especially true for C. lugubris, because the emergence of a new generation, and the reported several month life span of these insects (Tamaki et al. 1982) suggest large numbers of individuals should be present during corn silking and ear fill. Our sampling in unrelated projects (Bartelt et al. 1993; P.F.D., unpublished data) , and by past researchers (e.g., Sanford 1963) indicated adults and larvae were common in corn through to the Vol. 23, no. 5 hard dough stage. As corn at our site was planted during an interval of 4-6 wk each year, low levels of these C. lugubris detected during this time may reflect dispersal of newly emerged second generation insects or insects moving from older to younger corn.
Relevance of Weather to Aflatoxin Production and Sap Beetle Population Fluctuations from Year to Year. The weather conditions in 1988 were conducive to an outbreak of Aspergillus fiavus Link and, thus, aflatoxin in many parts of the midwest. Relatively drier conditions, higher temperatures, or both favor the growth of A. fiavus over competing fungi (see discussions by Wicklow 1990 and Payne 1992). As indicated earlier, few temperature differences were noted in the spring of the 3 yr examined, but spring 1988 was exceptionally dry. Dry conditions might have delayed the population buildup and dispersal of C. lugubris. A. fiavus, because of the competitive advantage given it by the dry weather, could be the fungus most commonly encountered, fed upon, and vectored by C. lugubris. Although monitoring weather is an obvious method for prediction, it is possible that C. lugubris could be used as a simple biological indicator early in the growing season for conditions that could promote an outbreak of aflatoxin in the midwest. Development and formulation of longlived (2-4 wk) pheromones (Bartelt et al. 1991) and attractants ; P.F.D. & Bartelt, unpublished data), as well as traps (Peng & vVilliams 1991 ) for this insect significantly enhance the ability to monitor population dynamics of C. lugubris.
We have determined that all major pest species of nititulids in our area may be monitored with baits. To detect C. antiquus and C. freemani, baits should be placed out as early as possible, whereas C. tnmcatus may be most effectively detected late in the year. Even for the other species, the timing of bait application appears to be important because of competition provided by natural food sources, such as developing corn kernels. Early-season baiting may be limited in effectiveness because of the reliance on fermenting materials, but, as indicated, new formulations of artificial attractants and traps make this timing more feasible for the species of sap beetles for which they are available. The availability of pheromones significantly increases the sensitivity and accuracy of monitoring. Because populations are at their lowest in the spring, effective baits may be useful in trapping strategies. This strategy as has been successful for C. hemipterus in figs (Warner 1960 (Warner , 1961 , for S. geminata in strawberries (Gertz 1968a) , and to a preliminary extent for Glischrochilus spp. (Pree 1969) and C. lugubris (P.F.D., unpublished data) in corn. It may also be possible to use abnormal fluctuations in C. lugubris population dynamics as an early biological predictor of conditions conducive to the contamination of midwestern corn by aflatoxin.
